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(57) ABSTRACT

A method for treating the adverse effects of acetyl-cholinest-
erase inhibitors used in the treatment of cognitive disorders
such as acute delirium and cognitive impairment in elderly
human patients. The administration of a clinically effective
amount of a quaternary ammonium anti-cholinergic muscar-
inic receptor antagonist having very low lipid solubility sub-
stantially eliminates the adverse effects of urinary and/or
fecal incontinence, nausea, bradycardia, bronchorrhea or bro-
chospasm caused by the acetyl-cholinesterase inhibitors,
without affecting the beneficial activity of the acetyl-cho-
linesterase inhibitors. This permits the administration of the
optimum effective dosing of acetyl-cholinesterase inhibitors
to provide maximum benefit to the patient with the added
benefit of reducing or eliminating the unwanted side effects of
fecal and urinary incontinence. Further, the combination of
rivastigmine and glycopyrrolate has been effective in signifi-
cantly improving cognitive function in patients suffering
from acute dementia or cognitive impairment.

20 Claims, No Drawings
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USES FOR QUATERNARY AMMONIUM
ANTICHOLINERGIC MUSCARINIC
RECEPTOR ANTAGONISTS IN PATIENTS
BEING TREATED FOR COGNITIVE
IMPAIRMENT OR ACUTE DELIRIUM

This is a divisional patent application of copending appli-
cation Ser. No. 11/935,483, filed Nov. 6, 2007, entitled “NEW
USES FOR QUATERNARY AMMONIUM ANTICHOLIN-
ERGIC MUSCARINIC RECEPTOR ANTAGONISTS IN
PATIENTS BEING TREATED FOR COGNITIVE IMPAIR-
MENT OR ACUTE DELIRIUM?”, which claims one or more
inventions which were disclosed in Provisional Application
No. 60/865,893, filed Nov. 15, 2006, entitled “USE OF GLY-
COPYRROLATE TO REMEDY INCONTINENCE IN
PATIENTS BEING TREATED FOR COGNITIVE IMPAIR-
MENT OR ACUTE DELIRIUM”. The benefit under 35 USC
§119(e) of the United States provisional application is hereby
claimed, and the aforementioned applications are hereby
incorporated herein by reference.

FIELD OF THE INVENTION

The invention pertains to the field of treating patients suf-
fering from various disorders related to various cognitive
disorders. More particularly, the invention pertains to allevi-
ating or at least improving upon adverse effects of excessive
acetylcholine including, but not limited to: urinary and/or
fecal incontinence, nausea, bradychardia, bronchorrhea and
bronchospasm in patients being treated with certain conven-
tional drugs for dealing with a variety of cognitive disorders,
such as cognitive impairment and acute dementia. Further,
improvement in cognitive function has been recognized in
certain cases.

BACKGROUND OF THE INVENTION

Cognitive impairment is a serious neurological condition
which is very common in the elderly. It is estimated that
approximately one-third of people who live to be over 80
years of age will be diagnosed with some form of cognitive
impairment, or dementia. Cognitive impairment can result
from avariety of disease processes, such as, but not limited to:

Neurodegenerative dementia:

Alzheimer’s Disease

Pick’s Disease

Progressive Supranuclear Palsy

Dementia with Lewy Bodies

Parkinson’s Disease

Fronto-temporal Dementia

Vasular Diseases:

Stroke

Multi-infarct dementia

Subarachnoid hemorrhage

Head Trauma

Infections:

Post-encephalitic dementia

Syphilis

Herpetic encephalitis

Congenital abnormalities:

Trisomy 21

Toxic Brain Injuries:

Wernike Encephalopathy

Krorsakoff psychosis

Alcoholic amnesic syndrome

Alcoholic dementia
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The primary result of this general condition is a universal
decline in the intellectual function of the individual, usually
resulting in significant impediments to normal daily func-
tions. While there is currently no disease modifying therapy
available for most forms of cognitive impairment, certain
therapies are available to improve cognitive functioning to
varying degrees which can alleviate or at least delay the need
for institutionalizing these individuals.

It has been determined that the decline of the neurotrans-
mitter chemical acetylcholine in the brain is one of the pri-
mary mechanisms of declining mental function. Medications
that can prevent or at least minimize the breakdown of ace-
tylcholine in the brain provide significant improvement in the
cognitive abilities of patients diagnosed with cognitive
impairment. These medications are commonly referred to as
acetyl-cholinesterase inhibitors. However, as with any medi-
cation, there are side effects. Acetyl-cholinesterase inhibitors
exacerbate urinary and fecal incontinence in patients admin-
istered these drugs. Other side effects include a reduced heart
rate, sweating, vasodilation and increased bronchial secre-
tions. Such side effects may be so uncomfortable for many
elderly patients that the patient is unable to tolerate effective
dosing of acetyl-cholinesterase inhibitors to successfully
treat the cognitive impairment.

Attempts to ameliorate these undesirable side effects in
cognitively impaired patients include the administration of,
for example, antimuscarinic-anticholinergic drugs (com-
monly called “anti-muscarinics”). These drugs block the
peripheral stimulation of the acetylcholine receptors. Unfor-
tunately, however, the use of these medications to treat the
side effects of acetyl-cholinesterase inhibitors mentioned
previously often contribute to cognitive impairment that is
being treated. Thus, benefits of using these drugs must be
balanced with the risks of exacerbating the existing cognitive
impairment. As a result, many patients are either inadequately
treated or go untreated.

Inaddition to cognitive impairment, a more severe problem
often afflicts the elderly and is referred to as acute delirium.
The primary indicators are a pronounced change in mental
status that rapidly fluctuates, the inability to maintain normal
degrees of attention, disorganized thinking and vacillating
levels of consciousness. Acute delirium can often result from
a severe medical illness, recent surgery and several medica-
tions or interactions between various medications. The
impact of acute delirium on patients is severe and often
chronic, frequently leading to death.

While the neurological mechanism by which acute
delirium occurs is not completely understood, like cognitive
impairment, the neurotransmitter acetylcholine is thought to
play a significant role. In patients suffering from dementia, a
decline in acetylcholine has been seen in post mortem studies.
As with treatments for cognitive impairment, the use of
acetyl-cholinesterase inhibiting medications has been deter-
mined to prevent, to varying degrees, the breakdown of ace-
tylcholine in the brain. However, the undesired side effects
outside the central nervous system that have been discussed
above often result. In order to minimize these problems, the
administration of drugs that block the peripheral effects of
acetylcholinesterase inhibitors act would be desirable. Unfor-
tunately, in a manner similar to other cognitive impairments,
anticholinergics frequently contribute to the underlying prob-
lem by causing central nervous system toxicity.

There is thus a severe need to treat patients suffering from
various forms of cognitive impairment as well as those suf-
fering from acute delirium with an effective amount of medi-
cation to minimize or entirely alleviate these conditions with-
out imposing upon them the undesired peripheral effects
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discussed previously, especially urinary and/or fecal inconti-
nence, nausea, bradychardia, bronchorrhea and/or broncho-
spasm which often coexist with these cognitive impairments.
The desire is to be able to administer the most efficacious type
and amount of medication to treat the neurological condition
without increasing the unwanted side effects of high doses of
those medications. This balance has yet to be achieved in
modern clinical practice.

It has been recognized that in patients suffering from
incontinence, acetyl-cholinesterase inhibitors can “increase
the tone of the external sphincter” (U.S. Pat. No. 5,861,431,
Hildebrand et al., issued Jan. 19, 1999). The patentees note
that compounds such as glycopyrrolate directly inhibit ace-
tylcholine receptors in the bladder wall, which reduces the
excessive stimulation of the bladder caused by nerves which
are no longer inhibited by a normal central nervous system.
Commonly assigned U.S. Pat. Nos. 6,204,285 and 6,063,808
describe the use of a single enantiomer of glycopyrrolate to
treat patients suffering from urinary incontinence. They teach
away from a racemic mixture of this molecule. They note that
approximately 15-30% of elderly people are afflicted by uri-
nary incontinence, but do not connect the cause of inconti-
nence with treatments for either cognitive disorders or acute
dementia.

SUMMARY OF THE INVENTION

The present invention consists of the administration of
quaternary ammonium anti-cholinergic muscarinic receptor
antagonists to patients being given acetyl-cholinesterase
inhibitors to treat either cognitive impairment or acute
delirium. The administration of the compounds of the inven-
tion prevents or substantially ameliorates the undesired side
effects of acetyl-cholinesterase inhibitors, specifically
adverse effects of excessive acetylcholine including, but not
limited to, urinary and/or fecal incontinence, nausea, brady-
chardia, bronchorrhea and broncospasm. Further, the use of
the compounds of the invention permits the administration of
optimum therapeutic dosages of acetyl-cholinesterase inhibi-
tors, thus maximizing the beneficial effect of the therapeutic
drugs. Suitable quaternary ammonium anti-cholinergic mus-
carinic receptor antagonists include the drugs trospium and
glycopyrrolate.

A further embodiment of administering quaternary ammo-
nium anticholinergic muscarinic receptor antagonists to
patients suffering from cognitive disorders, in general, such
as dementia, acute dementia and dementia with Lewy bodies
who are also being administered the acetyl-cholinesterase
inhibitor rivastigmine is a resulting marked improvement in
cognitive function, in addition to an improvement in control-
ling the adverse effects of excessive acetylcholine including,
but not limited to, urinary and/or fecal incontinence, nausea,
bradychardia, bronchorrhea and broncospasm.

DETAILED DESCRIPTION OF THE INVENTION

Not all antimuscarinic drugs are the same. One method of
differentiating the various drugs in this category is by lipid
solubility. It has been determined that quaternary ammonium
compounds of the class of anti-cholinergic muscarinic agents
having very low lipid solubility are desired for use within the
context of this invention. As a result of their low lipophilicity
(the ability of a compound to dissolve in a lipid medium),
these molecules tend not to cross the blood/brain barrier as
readily as those having higher lipid solubility. By not crossing
this barrier, these compounds do not interfere with the normal
function of acetylcholine in the central nervous system, nor
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do they interfere with the beneficial effects of acetyl-cholin-
ergic inhibitors for the treatment of cognitive impairment or
acute delirium. Further, these low lipid solubility quaternary
ammonium antimuscarinic drugs ameliorate the undesired
peripheral effects from the use of acetyl-cholinesterase
inhibitors, such as urinary and/or fecal incontinence, nausea,
bradychardia, bronchorrhea and broncospasm.

A benefit of using the anti-cholinergic muscarinic agents of
this invention is that the maximum dosing of the acetyl-
cholinesterase inhibitor to effectively treat the cognitively
impaired patient can be administered or maintained.

The quaternary ammonium anti-cholinergic muscarinic
agents for use with the present invention are trospium and
glycopyrrolate (non-quaternary anti-cholinergic agents
include, but are not limited to, oxybutinin, tolertidine,
darifenacin and solefenacin). Log P, a recognized parameter
proportional to octanol/water partitioning coefficient, is a
standard for measuring comparative solubility of a compound
in a lipid compared to water. This is the most important
physical property that determines whether or not a drug mol-
ecule crosses the blood/brain barrier to interfere with the
normal functioning of acetylcholine in the central nervous
system. A low log P value represents low lipid solubility and
low probability of crossing the blood/brain barrier. Each of
these drugs has a log P based upon their chemical structure.
The standard anti-muscarinic drugs in use have a log P value
as high as 6.076 (tolertidine). Trospium has a log P value of
0.78 and the calculated lipophilicity of glycopyrrolate is
-75.75, thus making them preferred compounds to achieve
the therapeutic goals stated previously within the context of
this invention.

The compounds of the present invention may be adminis-
tered concurrently with any of the various acetyl-cholinest-
erase inhibitors used to treat cognitive disorders or acute
delirium. Such drugs include:

donepezil

rivastigmine

galantamine

tacrine

physostigmine

pyridostigmine

neostigmine

In order to treat patients suffering from cognitive impair-
ment or acute delirium and exhibiting the unwanted adverse
effects of excessive acetylcholine including, but not limited
to, urinary and/or fecal incontinence, nausea, bradycardia,
bronchorrea and brochospasm, it is best to combine quater-
nary ammonium anti-muscarinic agents with suitable acetyl-
cholinesterase inhibitors. It is most desirable to administer
both classes of drugs intravenously or intramuscularly
(“parenterally”) because these patients are often confused
and belligerent and refuse to take oral medications. However,
in some cases, oral administration may be successfully
achieved.

For those patients presently exhibiting symptoms of acute
delirium, in whom acetylcholinesterase inhibitor therapy is
being administered, the doses are commonly: donepezil: 5-20
mg/day, galantamine: 4-24 mg/day, rivastigmine: 1.5 to 12
mg/day, physostigmine: 0.5 to 2 mg/day intravenous bolus or
up to 10 meg/minute intravenous infusion. Neostigmine and
pyridostigmine have also been used, but dosing is not well
defined. In order to prevent the adverse effects of excessive
acetylcholine, including but not limited to, urinary and/or
fecal incontinence, nausea, bradychardia, bronchorrhea and
bronchospasm, glycopyrrolate can be administered at the rate
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0f'0.1 to 0.8 mg/day parenterally or, orally, at the rate of 1 to
8 mg/day. Trospium can be administered at a rate of 20 mg
twice a day.

For those patients being administered maintenance therapy
for delirium, glycopyrrolate is administered concurrently
with a conventional acetyl-cholinesterase inhibitor, such as
donepezil hydrochloride. The dosing for glycopyrrolate is
about 0.5 to 4 mg twice a day, with a dosage of about 1-2 mg
twice a day most preferred. The donepezil hydrochloride is
administered at a rate of about 2 to 20 mg once a day, with a
dosage range of about 5 to 10 mg once a day most preferred.
Rivastigmine is dosed at 1.5 to 6 mg twice each day and
galantamine at 4 to 12 mg twice a day.

During the analysis of the results of clinical trials, an inter-
esting and surprising observation was made when the acetyl-
cholinesterase inhibitor rivastigmine was coupled with the
quaternary ammonium anti-cholinergic muscarinic agent
glycopyrrolate. It was noted that patients suffering from vari-
ous forms of cognitive impairment, such as dementia, acute
dementia or dementia with Lewy bodies, experienced a
marked improvement in cognitive function with this specific
combination of drugs. The observation was clinically signifi-
cant.

The results of various trials using quaternary ammonium
anti-cholinergic muscarinic agents in conjunction with
acetyl-cholinesterase inhibitors are shown below in the fol-
lowing examples.

EXAMPLES
Example 1
Incontinence Improvement
The patients only identified by numbers below were

administered an therapeutically efficacious amount of glyco-
pyrrolate and monitored for the amount of time indicated.

Patient Time of treatment (months)

‘864 1
‘105
‘814
‘124
291
547
795
‘104
223
970
‘568
255
238

NN RO 00RO

Concurrent with the administration of glycopyrrolate, each
of these patients was able to be treated with the maximum
effective dosage of the acetyl-cholinesterase inhibitor done-
pezil, which they were unable to tolerate before treatment
with glycopyrrolate because of the presence of the undesired
side effects noted above. The administration of glycopyrro-
late enabled the clinician to administer a dosage of acetyl-
cholinesterase inhibitor that provided a measurable cognitive
benefit to the patient.

Example 2
Cognitive Function vs. Incontinence

In this trial, patients were administered either of the qua-
ternary ammonium anti-cholinergic muscarinic agents toler-
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tidine or oxybutinin, as indicated. The patients were given a
Mini-Mental State Examination (MMSE) to determine their
cognitive function after being treated with either of these two
drugs. The MMSE is a conventionally used test with patients
suspected of exhibiting cognitive impairment. The MMSE
measures an individual’s cognitive ability across several
domains of cognitive function. It is an acknowledged stan-
dard in the medical field and is appropriate for clinical, office
based testing. It is scored from O to 30, with score of 30
indicating normal cognitive function.

These patients were then given a therapeutically effica-
cious amount of glycopyrrolate and evaluated again using the
MMSE test. Their incontinence control was then evaluated
and compared against treatment with tolertidine or oxybuti-
nin only.

Glycopyrrolate Incontinence

Patient Initial Drug (MMSE) (MMSE) Control
‘864 Tolertidine (14) (18) unchanged
‘486 Tolertidine (26) (25) improved
‘097 Oxybutinin (28) (28) improved
‘655 Oxybutinin (23) (22) improved

The patients on the initial lipophilic anti-muscarinic agents
tolertidine or oxybutinin exhibited stable cognitive function.
When glycopyrrolate was administered instead, though, each
patient’s cognitive function remained the same but there was
an improvement in three of the four subjects with respect to
urinary incontinence control. The reason for this is because
they were now able to take adequate doses of medication for
incontinence control which did not precipitate or exacerbate
the deterioration in cognitive functioning.

In alarger study, 39 patients having some form of cognitive
impairment were evaluated. Their MMSE scores ranged from
13 to 29 prior to being given an acetyl-cholinesterase inhibi-
tor. After administering this drug, their individual MMSE
scores changed little, as was expected. They were then admin-
istered 1 mg twice a day of glycopyrrolate. In 64% of the
patients in this group, their incontinence control improved
significantly. Interestingly, incontinence control in 33% of
this group declined. It is theorized that since these individuals
suffered from poor mobility, such as due to hip or leg frac-
tures, they simply could not physically reach a rest room
facility in time before becoming incontinent. The inconti-
nence of the remainder of the group remained the same.

Example 3
Rivastigmine with Glycopyrrolate

In this study, six patients with acute delirium were hospi-
talized and treated at Rochester (New York) General Hospital.

Patient a) Age 83. Diagnosis: Acute delirium, respiratory
failure. Condition severe enough to warrant treatment in
Intensive Care Unit (“ICU”). Patient was treated with a com-
bination of rivastigmine (1.5 mg titrated to 3 mg, orally, twice
each day) and glycopyrrolate (1 mg twice each day, orally).
Her cognitive function improved significantly enough that
she was to be discharged to a skilled nursing facility upon
resolution of her respiratory issues.

Patent b) Age 77. Diagnosis: Acute delirium, urinary
incontinence. Upon treatment with 1.5 mg titrated to 3 mg
orally, twice a day, with rivastigmine along with 1 mg, twice
a day, orally, of glycopyrrolate, the patient’s cognitive func-
tion improved significantly enough to allow discharge to a
skilled nursing facility.
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Patient ¢) Age 86. Diagnosis: Acute delirium, Parkinson’s
disease. A regimen of 1.5 mg titrated to 6 mg, orally, twice
each day, of rivastigmine and 1 mg twice each day, orally, of
glycopyrrolate enabled the patient to be discharged to a
skilled nursing facility in a relatively short period of time. The
internist and the neurologist had no more treatment options
for this patient and were looking for a long term placement in
a nursing home before the above regime was administered,
significantly improving his prognosis.

Patient d) Age 78. Diagnosis: Dementia with Lewy bodies,
urinary incontinence. The patient was treated with a regimen
of 1.5 mg titrated to 3 mg, orally, twice a day, of rivastigmine
and 1 mg twice each day orally of glycopyrrolate. He showed
marked improvement in 24 hours and was able to be discharge
to his own home after 72 hours. Prolonged hospitalization
would have been expected in the absence of the above treat-
ment protocol.

Patient e) Age 80. Diagnosis: Acute delirium, Parkinson’s
disease. Patient was placed on a regimen of 1.5 mg titrated to
3 mg, orally, twice a day, of rivastigmine and 1 mg, twice each
day, orally, of glycopyrrolate. Within days she showed a
marked improvement in her choreoathetosis and delirium and
was able to be discharged to a skilled nursing facility. She
subsequently underwent uncomplicated hip surgery for a
fracture, which would not have been possible without this
regimen.

Patient ) Age 87. Diagnosis: Acute delirium, Extrapyra-
midal dysfunction. Patient was treated with 1.5 mg titrated to
3 mg, orally, twice a day of rivastigmine and 1 mg twice each
day, orally, of glycopyrrolate. After only 2 days the patient
showed significant improvement in cognitive function, coop-
eration and physical balance. His improvement was so sig-
nificant that he was discharged to an assisted living level of
care instead of the planned discharge to a skilled nursing
facility.

Accordingly, it is to be understood that the embodiments of
the invention herein described are merely illustrative of the
application of the principles of the invention. Reference
herein to details of the illustrated embodiments is not
intended to limit the scope of the claims, which themselves
recite those features regarded as essential to the invention.

What is claimed is:

1. A method for treating urinary and fecal incontinence in
a patient being treated for a cognitive disorder selected from
the group consisting of Alzheimer’s Disease, Dementia with
Lewy Bodies, Parkinson’s Disease, Fronto-temporal demen-
tia, and Progressive Supranuclear Palsy comprising adminis-
tering to the patient a therapeutic amount of a quaternary
ammonium anti-cholinergic muscarinic receptor antagonist.

2. The method of claim 1 wherein the quaternary ammo-
nium anti-cholinergic muscarinic receptor antagonist exhib-
its low lipophilicity.

3. The method of claim 1 wherein the quaternary ammo-
nium anti-cholinergic muscarinic receptor antagonist is
selected from the group consisting of trospium and glycopy-
rrolate.

4. The method of claim 1 wherein an efficacious therapeu-
tic amount of the quaternary ammonium anti-cholinergic
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muscarinic receptor antagonist is administered to the patient
either orally, intravenously or parenterally.

5. The method of claim 1 wherein the patient is being
administered acetyl-cholinesterase inhibitors for the treat-
ment of the cognitive disorder.

6. The method of claim 5 wherein the acetyl cholinesterase
inhibitors are selected from the group consisting of donepezil,
rivastigmine, galantamine, tacrine, physostigmine, pyri-
dostigmine and neostigmine.

7. The method of claim 1 wherein the quaternary ammo-
nium anti-cholinergic muscarinic receptor antagonist is gly-
copyrrolate.

8. The method of claim 7 comprising administering from
about 0.1 to about 0.8 mg/day parenterally, or about 3.0 to
about 8.0 mg/day orally of glycopyrrolate.

9. The method of claim 5, wherein the acetyl cholinesterase
inhibitor is rivastigmine and the quaternary ammonium anti-
cholinergic muscarinic receptor antagonist is glycopyrrolate.

10. The method of claim 9 comprising administering from
about 1.5 to about 24 mg/day orally, or about 4.6 to about 17.4
mg/day by transdermal patch of rivastigmine.

11. The method of claim 9 comprising administering the
combination of from about 1.5 to about 24 mg/day, orally, or
about 4.6 to about 17.4 mg/day transdermally of rivastigmine
and from about 0.1 to about 0.8 mg/day, parenterally, or about
3 to about 8 mg/day, orally, of glycopyrrolate.

12. The method of claim 9 comprising administering from
about 0.1 to about 0.8 mg/day parenterally, or about 3.0 to
about 8.0 mg/day orally of glycopyrrolate.

13. The method of claim 9, comprising administering
about 24 mg/day orally or about 17.4 mg/day transdermally
of rivastigmine.

14. A method for treating urinary and fecal incontinence in
a patient being treated for acute delirium comprising admin-
istering to the patient a therapeutic amount of a quaternary
ammonium anti-cholinergic muscarinic receptor antagonist.

15. The method of claim 14, wherein the quaternary ammo-
nium anti-cholinergic muscarinic receptor antagonist exhib-
its low lipophilicity.

16. The method of claim 14, wherein the quaternary ammo-
nium anti-cholinergic muscarinic receptor antagonist is
selected from the group consisting of trospium and glycopy-
rrolate.

17. The method of claim 16, comprising administering
from about 0.1 to about 0.8 mg/day parenterally, or about 3.0
to about 8.0 mg/day orally of glycopyrrolate.

18. The method of claim 14, wherein the patient is being
administered acetyl-cholinesterase inhibitors for the treat-
ment of acute delirium.

19. The method of claim 18, wherein the acetyl cholinest-
erase inhibitor is rivastigmine and the quaternary ammonium
anti-cholinergic muscarinic receptor antagonist is glycopyr-
rolate.

20. The method of claim 19 comprising administering the
combination of from about 1.5 to about 24 mg/day, orally, or
about 4.6 to about 17.4 mg/day transdermally of rivastigmine
and from about 0.1 to about 0.8 mg/day, parenterally, or about
3 to about 8 mg/day, orally, of glycopyrrolate.
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